Abstract Stimulation of double-stranded (ds)RNA receptors can increase the eVectiveness of cancer vaccines, but the underlying mechanisms are not completely elucidated. In this study, we sought to determine critical roles of host IFN-and IFN-pathways in the enhanced therapeutic eYcacy mediated by peptide vaccines and polyinosinicpolycytidylic acid [poly(I:C)] stabilized by lysine and carboxymethylcellulose (poly-ICLC) in the murine central
Introduction dsRNA, such as poly(I:C), has been demonstrated to be a promising vaccine-adjuvant [1, 2] , and the enhanced antigen-speciWc CD8 + T cell responses appear to depend upon host IFN-signaling [3] [4] [5] and the TLR3 [6] as well as cytoplasmic helicase family proteins, retinoic acid induced protein-I (RIG-I) and melanoma diVerentiationassociated gene 5 (MDA5) [7] [8] [9] . Although these studies provide us with in depth understanding how dsRNA promotes the induction phase of adaptive immunity, little is known about the eVects of systemic dsRNA administration on the eVector phase, especially its eVects on the tumor microenvironment.
The central nervous system (CNS) requires rapid, innate immune responses by resident brain cells to eVectively Wght infectious agents in the CNS, and the critical role of TLR3 in CNS immunity has been demonstrated [10, 11] . We have previously demonstrated that administration of poly-ICLC enhances the therapeutic eVects of peripheral vaccinations targeting glioma-associated antigens (GAAs) through improved induction of GAA-speciWc type-1 CTLs expressing very late activation antigen (VLA)-4, which confers eYcient CNS tumor homing of vaccine-induced CTLs [11, 12] . However, the key mechanisms underlying how the combination of GAA vaccines and poly-ICLC impacts the CNS tumor microenvironment were not completely elucidated.
With regard to critical steps for T cell traYcking and extravasation into inXamed tissues, in addition to integrins [13] , chemokines have been shown to trigger Wrm adhesion of leukocytes to vascular endothelium under Xow condition by enhancing integrin-ligand-binding aYnity [14, 15] . Based on our recent studies [12, [16] [17] [18] , eYcient CNS tumor homing is a characteristic of CTLs with a type-1 phenotype (Tc1) as opposed to ones with the type-2 phenotype (Tc2), and this appears to be related to diVerential T cell response to the type-1 chemokine, IFN--inducible protein (IP)-10/CXCL10.
As TLR3 stimulation eYciently induces production of pro-inXammatory cytokines and chemokines, including CXCL10/IP-10 from astrocytes and microglia [19] [20] [21] , we hypothesized that the combination treatment of GAA vaccine and poly-ICLC would enhance CXCL10 expression in the glioma microenvironment as a key mediator for the enhanced therapeutic eVects.
In the current study, the combination of GAA vaccine and poly-ICLC, but not poly-ICLC administration alone, induced a robust CXCL10 expression in the tumor site as a critical chemokine for Tc1 homing. The induction of CXCL10 was dependent on host IFN-as well as eVector T cell-derived IFN-, suggesting critical and non-redundant roles of both type-1 and type-2 IFNs in eVective immunotherapy strategies for gliomas.
Results

GAA vaccines in combination with poly-ICLC treatment prolong survival of mice bearing established GL261 glioma
We have previously demonstrated that the combination of GAA vaccines and poly-ICLC administration induce eVective protective immunity against i.c. challenge with GL261 [11] . In the current study, we evaluated the therapeutic eYcacy of the combination regimen in mice bearing established i.c. glioma. C57BL/6 mice received i.c. inoculation of GL261 glioma on day 0, and were stratiWed into four groups to receive: (1) control (mock vaccines and i.m. PBS) treatments alone; (2) GAA vaccines and i.m. PBS; (3) i.m. poly-ICLC administrations and mock vaccines, or (4) GAA vaccines combined with i.m. poly-ICLC on days 2, 12 and 22. Although GAA vaccines alone signiWcantly prolonged the survival of mice compared with mice treated with poly-ICLC alone or mock treatments alone (p < 0.0001), addition of poly-ICLC in the GAA vaccine regimen further improved the survival (Fig. 1a) with 4 of 17 mice in this group surviving longer than 72 days (p = 0.0124; the combination group vs. GAA vaccines alone).
The combination regimen induces type-1 chemokine CXCL10 in the i.c. glioma environment Poly-ICLC remarkably enhanced the traYcking of vaccineinduced CTLs [11] to the glioma site, leading us to hypothesize that the combination regimen would also induce type-1 chemokine expression, which our previous studies have shown to be critical for eYcient homing of antigen-speciWc CTLs to i.c. gliomas [17, 18] . To test this, we employed in situ hybridization (ISH) for CXCL10 mRNA with 35 S-labeled riboprobes. As shown in Fig. 1b , treatment of mice with GAA vaccines in combination with poly-ICLC resulted in a remarkably high-level expression of CXCL10 mRNA in i.c. GL261 glioma when compared with other groups, including mice treated with mock-vaccine plus PBS, mock vaccines plus poly-ICLC and GAA vaccine plus PBS. It is noteworthy that CXCL10 mRNA-positive cells are mostly localized within the tumor tissue but not seen in surrounding normal brain tissues.
CXCL10 is responsible for recruitment of antigen-speciWc Tc1 cells
We sought to determine the role of CXCL10 in homing of Tc1 to mouse CNS GL261 glioma. As demonstrated in Fig. 2a , treatment of glioma-bearing mice with i.m. poly-ICLC administration remarkably improved the migration of adoptively transferred CD8 + /gp100 + -tetramer reactive Tc1 cells to the tumor site. However, administration of anti-CXCL10 mAb sharply diminished the tumor inWltration of CD8 + /gp100 + -tetramer reactive brain inWltrating lymphocytes (BILs) (Fig. 2a) . Consistently, the absolute number of CD8 + /gp100 + -tetramer reactive BILs per mouse also decreased remarkably after injection of anti-CXCL10 mAb (Fig. 2b) . Collectively, these results indicate that CXCL10 plays an essential role in enhancing the recruitment of antigen-speciWc T cells into brain tumor sites.
Requirements for both the IFN-and IFN-pathways for eYcient CXCL10 induction We sought to determine how the combination regimen promotes the potent CXCL10 induction in the glioma Fig. 1 Poly-ICLC administration signiWcantly improves the therapeutic eVects of GAA vaccines in mice bearing GL261 glioma, associated with robust induction of type-1 chemokine transcripts in the CNS glioma microenvironment. a WT C57BL/6 mice bearing i.c. GL261 glioma received s.c. immunizations with each of GAA peptides and HBVcore 128 T-helper epitope peptide and/or i.m. poly-ICLC injections as described in "Materials and methods". The mice were stratiWed into four treatment groups: (1) GAA vaccine and poly-ICLC (solid squares) (n = 17); (2) GAA vaccine and i.m. PBS (solid circles) (n = 14); (3) Mock vaccines and poly-ICLC (hollow circles) (n = 11) and (4) Mock vaccines and i.m. PBS (hollow squares) (n = 12). Symptom-free survival of mice was monitored. **p < 0.0001 for mice treated with GAA vaccine and poly-ICLC compared with mice treated with mock-treatments only or mockvaccine plus poly-ICLC, *p < 0.0001 for mice treated with GAA vaccine and PBS compared with the mice treated with mock-treatments only or mock-vaccine plus poly-ICLC, ***p = 0.0124 for mice treated with GAA vaccine and poly-ICLC compared with the mice treated with GAA vaccine alone. b On day 23 following tumor inoculation (1 day following the third s.c and i.m. treatments), brain tissues were collected from WT C57BL/6 mice bearing i.c. GL261 glioma treated with either mock-treatments, mock vaccines plus poly-ICLC, GAA vaccines plus PBS or GAA vaccines plus poly-ICLC. ISH of CXCL10 mRNA in the brain-bearing GL261 glioma. Parallel hybridization of tissue sections with the cognate sense control probe provided no non-speciWc ISH signals (data not shown) (original magniWcation, £100). Results from one of two independent experiments with highly similar results are shown tissue. Because the regimen lead to high-level inWltration of type-1 (i.e. IFN-producing) anti-glioma CTLs (i.e. Tc1) [11] , it was postulated that IFN-produced by the initial group of glioma-inWltrating Tc1s would induce CXCL10 that would allow for further inXux of chemokine-reactive Tc1 cells. It was also hypothesized, because poly-ICLC is a potent type-1 IFN inducer, that the host type-1 IFN signaling might play a key role in the observed CXCL10 induction.
Our hypotheses were also supported by previous studies demonstrating that IFN-and IFN-induce CXCL10 from a variety of cells, including astrocytes [22] and dendritic cells (DCs) [23] and that IFN-up-regulates CXCR3, a receptor for CXCL10, on type-1 T cells [24] .
We Wrst investigated the role of the host IFN-pathway in the induction of CXCL10 and recruitment of antigenspeciWc T cells using syngeneic IFN-R1 ¡/¡ mice. ISH analyses have revealed that, in striking contrast to WT mice, IFN-R1 ¡/¡ mice bearing i.c. GL261 glioma failed to induce CXCL10 mRNA in the tumor site to the same extent as in WT mice following the combination treatment, indicating a critical role of the host type-1 IFN pathway for the induction of CXCL10 mRNA (Fig. 3a) .
Next, to examine the role of the host type-1 IFN pathway in the tumor traYcking of Tc1 cells, glioma-bearing WT or IFN-R1 ¡/¡ mice received i.v. infusion of ex vivo activated Tc1 cells and i.m. injections of poly-ICLC. BIL analyses in WT mice demonstrated enhanced Tc1 traYcking to i.c. glioma by i.m. poly-ICLC administration, but the absence of intact type-1 IFN pathway in the host almost completely abrogated the Tc1 homing to the glioma lesions (Fig. 3b, c) . These data clearly demonstrate a critical role of the host type-1 IFN pathway in eVective induction of CXCL10 expression by the combination treatment and the resulting traYcking of antigen-speciWc Tc1 into i.c. gliomas.
We then investigated the role of the host IFN-pathway in the induction of CXCL10 using syngeneic IFN-
mice. ISH analyses demonstrated that the absence of IFNproduction attenuated the eYcient induction of CXCL10 in the glioma tissue of mice receiving vaccine and poly-ICLC (Fig. 4a) . Among the cell types that can produce high-level IFN-in the host, as we do not observe signiWcant numbers of NK cells in the glioma environment (data not shown), we speciWcally evaluated the contribution of T cell-derived IFN-by adoptive transfer of Tc1 cells derived from
/pmel-1 mice. BIL analyses revealed signiWcantly diminished inWltration of antigenspeciWc IFN-¡/¡ Tc1 cells compared with IFN-+/+ Tc1 cells (Fig. 4b) . These data indicate a critical role of IFNproduced by antigen-speciWc T cells for their eYcient inWltration into the glioma lesion.
Discussion
In the present study, we demonstrated that the combination of GAA vaccines and poly-ICLC induced high levels of local IP-10/CXCL10 expression in the CNS glioma environment, which was critical for eYcient traYcking of GAA-reactive type-1 CTLs. We also found that the host IFN-signaling and IFN-play critical roles in the observed induction of CXCL10 as well as the CNS glioma homing of eVector CTLs.
Our ISH studies demonstrated a robust induction of CXCL10 messages in the glioma microenvironment in mice treated with the combination regimen, but not in mice treated by poly-ICLC or GAA vaccines alone (Fig. 1b) . Our results in Fig. 2 demonstrated a critical role of CXCL10 in the homing of Tc1 into CNS tumors. These results conWrm our previous observations that mAb-mediated depletion of CXCL10 diminishes the inWltration of Tc1 cells to CNS tumor lesions [16, 17] . Type-1 memory/activated T cells express the CXCR3 chemokine receptor, which binds its ligands and allows activated Type-1 T cells to migrate in response to ligand gradients [25, 26] . Although there are at least three CXCR3 ligands, CXCL9, 10 and 11 [27] , it is becoming clear that all three exhibit unique expression patterns in vivo. In the CNS, in addition to our own study, Ab-neutralization of CXCL10 has been shown to block the recruitment of autoimmune eVector T cells into the CNS in EAE [28] and murine viral-induced neurologic disease [22] . Interestingly, anti-CXCL9 treatment has little eVect on disease severity, suggesting that of these two CXCR3 ligands, IP-10 may play a more dominant role in recruiting Type-1 "Ag experienced" T cells into the CNS.
We also attempted to identify populations of cells in the glioma tissue that produce CXCL10 by combining ISH and immunohistochemistry on F4/80 + cells. Our results suggested that populations of both F4/80 positive (microglia and macrophages) and negative (tumor and other stromal cells) cells express high levels of CXCL10 following treatment with vaccines and poly-ICLC (data not shown). These observations support results from previous studies by us and others showing that poly-IC eYciently induces pro-inXammatory cytokines and chemokines, including CXCL10 from glioma cells [11] , astrocytes and microglia [19] [20] [21] .
The robust induction of CXCL10 depended upon the intact type-1 and type-2 IFN pathways of the host (Figs. 3,  4) . Furthermore, IFN-produced by antigen-speciWc T cells was found to be critical for their eYcient inWltration into the glioma lesion (Fig. 4) . In our study, IFN-¡/¡ /pmel-1-derived Tc1 cells were able to proliferate and develop into eVector cells based on the comparable growth and phenotype as WT cells (Supplementary Fig. S1 ), indicating that the observed diVerence is not due to diVerent viability or phenotype of Tc1 cells derived from two strains. Intact response of IFN-¡/¡ T cells was also demonstrated following infection with an attenuated strain of Listeria monocytogenes [29] .
Based on available information in the literature, we postulate the following possible mechanism. First, systemic administration of poly-ICLC induces type-1 IFN production [11] , which activates DCs [30] NK cells [31] , as well as vaccine-primed T cells [32] and their survival [32] . Second, the activated DCs further promote IFN-production by T cells, thereby enhancing CXCL10 production, especially in the tumor microenvironment. Such local IFNproduction, in turn, would also induce more CXCL10 production. Thus, this combination treatment strategy oVers an IFN--driven positive-feedback loop of the type-1 polarization process in the tumor microenvironment. Although human CD8 + T cells express functional TLR3 [33] , it remains controversial as to whether mouse T cells also express TLR3 [1, 34] .
The role of the IFN--driven positive-feedback loop may be more signiWcant in CNS tumors than in tumors of other locations as a previous study by Overwijk et al. [35] has demonstrated that vaccine-activated Pmel/IFN-¡/¡ mousederived CD8 + T cells are able to mediate anti-tumor responses by eYciently traYcking to the subcutaneous tumor lesion in contrast to our study with CNS tumors.
While our previous studies utilized genetic delivery of IFN-for induction of CXCL10 in the CNS tumor environment [16] , our data shown here indicate that the relevant, underlying "prime-boost" regimen can also be achieved in a more clinically feasible manner via administration of a "natural" inducer of IFN-, poly-ICLC in combination with vaccines. While our current study employed systemic (i.m.) administration of poly-ICLC, it would also be intriguing to evaluate the eVect of direct poly-ICLC administration to the i.c. tumor site [34] . With regard to clinically relevant settings, a recent study has demonstrated that poly-IC promotes expansion of DCs and anti-tumor vaccine eVects in vivo following cyclophosphamide-induced lymphopenia [36] .
Treatment of mice bearing established GL261 glioma in the brain with the combination regimen resulted in a signiWcant improvement of survival compared to mice treated with GAA vaccine alone or poly-ICLC alone (Fig. 1a) . However, the therapeutic outcomes are still suboptimal despite the combination regimen induced potent type-1 CTL responses and robust inWltration of the eVector cells into the CNS glioma [11] . What are counteracting mechanisms that limit the eYcacy of this regimen?-One may be induction of Indoleamine 2,3 dioxygenase (IDO). IFNand T cell-derived IFN-can induce expression of IDO by non-T cells as the rate-limiting enzyme for tryptophan catabolism-mediated immune regulation [37, 38] which inhibits cell proliferation due to tryptophan depletion by this enzyme [39] and promotes cancer-immune escape by inhibiting the functions of and inducing apoptotic death of anti-tumor T cells within the tumor microenvironment [40] . Human glioma cells produce IDO, and IFN-enhances IDO expression by glioma cells [41] . Indeed, we have observed that the combination regimen induces IDO expression in the CNS GL261 glioma microenvironment ( Supplementary Fig. S2 ). Based on these studies, we postulate that IDO may contribute to the negative regulation of treatment-induced anti-glioma T cell responses and that speciWc inhibition of IDO may further improve the eYcacy of the current therapeutic approach [40] .
Induction of inducible nitric oxide synthase (iNOS) may represent an important counteractive mechanism because IFN--induced iNOS inhibits anti-tumor CTL responses [42] and glioma-inWltrating APCs [43] . Hence, it is possible that poly-ICLC administration also induces iNOS expression in tumor cells directly through the TLR3, RIG-I or MDA5 pathway and/or through induction of IFNs [44, 45] . The iNOS-mediated local T cell suppression in the tumor site has been documented in human prostate cancers [46] . Evaluation of iNOS-induced suppression is warranted in our future studies.
Thus far, our studies have demonstrated that the combination of GAA vaccines and poly-ICLC promotes type-1 immunological environment within the CNS gliomas, represented by high levels of local IFN- [11] and CXCL10. It is this polarized host type-1 status that is responsible for the observed anti-tumor eYcacy. The signiWcance of type-1 T cell inWltration in humans has been demonstrated in colorectal cancers [47] . In this referenced study, there was a positive correlation between the frequencies of type-1 helper T (Th1) cells, cytotoxic and memory T cells and a low incidence of tumor recurrence; and such immunological readouts were demonstrated to be better predictors of patient survival than the histopathological methods.
Based on the current study and past studies discussed above, it is likely that patients with gliomas would beneWt from promotion of type-1 tumor microenvironment, which would critically depend upon the ability of vaccineinduced T cells to produce IFN-and intact host type-1 IFN-signaling. Indeed, in a pilot clinical trial evaluating the safety and eYcacy of poly-ICLC as a single agent in patients with malignant glioma, positive clinical response was associated with activation of 2Ј,5Ј-oligoadenylate synthetase, as a mediator of type-1 IFN pathway [48] . Development of clinical vaccine studies with poly-ICLC should incorporate adequate monitoring of type-1 and type-2 IFN responses.
Materials and methods
Reagents
The following reagents were purchased: RPMI 1640, FBS, L-glutamine, sodium pyruvate, -mercaptoethanol, nonessential amino acids, and antibiotics from Invitrogen Life Technologies (Grand Island, NY, USA); recombinant human (rh) interleukin-2 (rhIL-2) from PeproTech (Rocky Hill, NJ, USA); Recombinant mouse (rm) IL-12 from Cell Sciences (Canton, MA, USA); rhIL-2 (rhIL-2) from Peprotech (Rocky Hill, NJ, USA); rm IFN-from R&D Systems Cell culture GL261 mouse glioma cell line (H-2 b ) was kindly provided by Dr. Robert Prins (University of California Los Angeles, LA, USA); GL261 cells express mTRP2, mgp100, mEphA2, and GARC-1 as GAAs [49] [50] [51] . All cells were maintained in mouse complete medium (RPMI 1640 supplemented with 10% heat-inactivated FBS, 100 units/ml penicillin, 100 mg/ml streptomycin, and 10 M L-glutamine) in a humidiWed incubator in 5% CO 2 
/pmel-1 genotype was screened by PCR of tail DNA. An aliquot of the genomic DNA was ampliWed in a PCR using primers binding to the mutant IFN-gene (MUT, 5Ј-TCA GCG CAG GGG CGC CCG GTT CTT T-3Ј; MUT, 5Ј-ATC GAC AAG ACC GGC TTC CAT CCG-3Ј) (320 bp product) and the WT IFN-gene (WT, 5Ј-AGA AGT AAG TGG AAG GGC CCA GAA G-3Ј; WT, 5Ј-AGG GAA ACT GGG AGA GGA GAA ATA T-3Ј) (260 bp product). PCR conditions were as follows: one step at 94°C for 3 min; then 12 cycles of 94°C for 20 s, 64°C for 30 s, and 72°C for 35 s; thereafter 25 cycles of 94°C for 20 s, 58°C for 30 s, and 72°C for 35 s. The Wnal step was at 72°C for 2 min. An aliquot of the genomic DNA was also ampliWed in a PCR using primers for H2-D b -restricted V 1V 13 TCR recognizing hgp100 (25) (26) (27) (28) (29) (30) (31) (32) (33) : V 1 chain gene (TCR , 5Ј-GGT CCT GTG GCT CCA GTT TAA T-3Ј; TCR , 5Ј-CTG CTT AAC CTG TCC CTC ATG T-3Ј) (700 bp product) and TCR V 13chain gene (TCR , 5Ј-CTG GGC AGT GTT CTG TCT CC-3Ј; TCR , 5Ј-ACC ATG GTC ATC CAA CAC AG-3Ј) (600 bp product). PCR conditions were as follows: one step at 94°C for 3 min; then 35 cycles of 94°C for 30 s, 61°C for 1 min, and 72°C for 2 min. The Wnal step was at 72°C for 2 min. Animals were handled in the Animal Facility at the University of Pittsburgh per an Institutional Animal Care and Use Committee-approved protocol.
Antibodies and tetramers
Hamster anti-mouse CXCL10-neutralizing mAb (clone#1F11) was kindly provided by Dr. Andrew D. Luster in Harvard Medical School. Tri-color (TC) conjugated anti-CD3, Xuorescein isothiocyanate (FITC) conjugated anti-CD8 , phycoerythrin (PE) conjugated anti-CD8 , TC conjugated anti-CD8, PE-conjugated H-2D b /hgp100 [25] [26] [27] [28] [29] [30] [31] [32] [33] tetramer was produced by the National Institute of Allergy and Infectious Disease tetramer facility within the Emory University Vaccine Center (Atlanta, GA, USA).
Flow cytometry
The procedure used in the current study has been described previously [16] . BrieXy, single cell suspensions were surface-stained with Xuorescent dye-conjugated antibodies. 
Intracranial injection of GL261 glioma cells
The procedure used in the current study has been described previously [11, 12, 16, 18] . BrieXy, using a Hamilton syringe (Hamilton Company, Reno, NV, USA), 1 £ 10 5 GL261 cells in 2 l PBS were stereotactically injected through an entry site at the bregma, 3 mm to the right of sagittal suture, and 3 mm below the surface of the skull of anesthetized mice by using a stereotactic frame (Kopf, Tujunga, CA, USA).
Treatment of intracranial (i.c.) tumor-bearing mice with s.c. vaccination and i.m. poly-ICLC
The animals received s.c. vaccinations with 100 g of HBV core 128-140 and GAA peptides, 100 g each of hgp100 [25] [26] [27] [28] [29] [30] [31] [32] [33] , mEphA2 682-689 , mEphA2 671-679 , mTRP2 [180] [181] [182] [183] [184] [185] [186] [187] [188] , and mGARC-1 77-85 , emulsiWed in incomplete Freund Adjuvant (IFA) (Difco Laboratories, Detroit, Michigan, MI, USA) on days 2, 12 and 22 after tumor inoculation. Negative control mock vaccines consisted of 100 g of HBV core 128-140 but without GAA peptides emulsiWed in IFA. Poly-ICLC (20 g/injection in 20 l) or mock control PBS (20 l) was i.m. injected twice a week starting on day 2 till day 30 after tumor inoculation. All animals were monitored daily after treatment. In some experiments, symptom-free survival was monitored as the primary endpoint; in other experiments, treated mice were sacriWced on indicated days to evaluate immunological endpoints such as BILs.
Generation of Tc1
Tc1 cells were generated by the methods we described previously with slight modiWcations [17, 18] . In brief, CD8 /pmel-1 mouse-derived splenocytes (SPCs) using CD8-microbeads (Miltenyi Biotec, Auburn, CA, USA), and stimulated with the hgp [25] [26] [27] [28] [29] [30] [31] [32] [33] peptide (5 g/ml) in the presence of irradiated (3,000 rad) C57BL/6 SPCs as feeder cells, 2 ng/ml rmIL-12, 1 ng/ml anti-IL-4 mAb, and 100 units/ml rhIL-2. Cells were restimulated under the same conditions at 48 h after the initial stimulation, and were harvested between days 5 and 8.
BIL isolation
BILs were isolated using methods described previously [11, 12] . BrieXy, mice were sacriWced by CO 2 asphyxia and cervical dislocation, and immediately perfused with PBS through the left cardiac ventricle. Brain tissues were mechanically minced, resuspended in 70% Percoll (SigmaAldrich), overlaid with 37 and 30% Percoll, and centrifuged for 20 min at 500£g. Enriched BIL populations were recovered at 70-37% Percoll interface. Due to the small number of BILs obtained per mouse, BILs obtained from all mice in a given group (5 mice/group) were pooled and then evaluated for the relative number and phenotype of the BILs between groups.
In situ hybridization (ISH) ISH for CXCL10 was conducted following the method reported previously [53] . BrieXy, brain tissues were dissected and Wxed in 4% PFA for 24 h at 4°C, then dehydrated and embedded in OCT (4583; Sakura Finetek) and frozen in isopentane cooled on dry ice, then cut into 10 m sagittal sections. Sections were further post-Wxed with 4% PFA, microwaved in 0.01 M sodium citrate (pH 6.0), acetylated with acetic anhydride, and dehydrated in graded ethanols. 35 S-labeled sense or antisense murine CXCL10 probes were hybridized to the tissue at 50°C overnight. After stringent washing including digestion of unhybridized probe with RNases A and T1, slides were washed in salinesodium citrate buVer. Slides were dipped in Kodak NTB-2 autoradiographic emulsion, exposed at 4°C for 21 days, and developed.
Statistical analysis
The statistical signiWcance of diVerences between groups was determined by one-way analysis of variance (ANOVA). Survival data were analyzed by log rank test. We considered diVerences signiWcant when p < 0.05. All data were analyzed by software GraphPad Prism 4.01.
